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(54) [Title ofthe invention] Pressure-sensitive variable resistor

(57) [Abstract]

[Objective] lb provide a variable resistor that can easily be applied to keyboards and the

like.

[Construction] A pressure*sensitive variable resistor I is formed by mixing carbon powder

such as carbon black and graphite with a silicon rubber material and integrally molding it.

For applying it, for example, to a switch 5, a pressure-sensitive variable resistor 1 is

. provided on the bottom surface of a key top 6 via an electro-conductive layer 7. When the

key top 6 is pressed down, the pressure-sensitive variable resistor 1 abuts secure contact

points 9 and 10. The contact pressure between carbon powder particles is increased by

the applied pressure and anisotropic conductivity is established between the secure

contact points 9 and 10 and the electro-conductive layer 7. The resistance of the

pressure-sensitive variable resistor 1 is changed according to the applied pressure so that

the voltage between the secure contact points 9 and 10 can be manually and arbitrarOy

controlled.

[Claim]

[Claim 1] A pressure-sensitive variable resistor formed by mixing an electro-conductive

material with an elastic rubber material and integrally molding it for anisotropic

conductivity.
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[Detailed explanation of the invention]

lOOOl]

[Scope of the invention]

The present invention relates to a variable resistor, and in particular to a variable resistor

having a solid structure.

. [0002]

[Prior art technology]

Traditionally, variable resistors comprising a resistor and sliding contact points are used

for circuit voltage adjustment. On the other hand, sensors such as straight gauges using

the properties of semiconductor pressure-sensitive elements having stress related variable

electric resistance are well known.

[0003]

[Problems overcome by the invention]

For example, cursor motion keys and scroll keys in computers and power window switches

in automobiles are switches that simply switch between ON and OFF. If these keys and

switches are provided with a function to adjust the analogue operation rate according to

the intention of the operator^ improvement in terms of so-called man-machine performance

is anticipated.

[0004]

In order to realize this analogue operation, a variable resistor as an electric rate operating

means should be installed in keys or switches while, needless to say, hardware and

software must be modified. However, there are problems with volume, weight, durability,

and cost in applying the prior art variable resistors to these keys and switches. For
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example, when prior art mechanical variable resistors are used in the keys of.a keyboard,

problems occur with space, durability, and operability.

[0005]

Therefore, the piupose of the present invention is to provide a variable resistor having a

simple structure and high durability, yielding changes in resistance corresponding to

operational feeling, and requiring low cost for improved fimctions of electronic devices.

. [0006]

DProblem resolution means]

In order to achieve the above purpose, the present invention proposes a pressure-sensitive

variable resistor formed by mixing an electro-conductive material such as carbon powder

with an elastic rubber material and integrally molding it far anisotropic conductivity.

[0007]

[EfBcacy]

An electroxonductive substance such as carbon powder mixed in the elastic rubber
.

material normally exhibits low contact pressure between the electro-conductive substances,

yielding high electric resistance. When the elastic rubber is pressured on both sides, the

elastic rubber is deformed by the stress and has increased contact pressure between the

electro*conductive substances in the stress direction, decreasing the resistance and

establishing anisotropic conductivity in the stress direction. The resistance is changed in

proportion to the stress. The change in load stress is easily translated to the change in

resistance.

[0008]
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[Embodiment]

An embodiment of the present invention is described in detail hereafter with reference to

the drawings. Fig.l shows a pressure-sensitive variable resistor 1 formed by mixing an

elastic rubber n^aterial such as silicon rubber with carbon powder such as carbon black

and graphite and molding it into a rubber plate having appropriate thickness. As shown

in Pig.2, electrodes 3 and 4 of a power source 2 are connected to the pressure-sensitive

variable resistor 1 on either side. Then, stress is applied to either side of the

pressure-sensitive variable resistor 1. Consequently^ the contact mode of the carbon

powder in the stress direction is changed and anisotropic conductivity in the arrowed

direction is established.

[0009]

Fig.3 shows the relationship between stress F and resistance R. The resistance is high in

the absence of stress. As the pressure is increased, the carbon powder becomes a denser

contact mode in the stress direction, resulting in decreased resistance. Therefore,

measurements of the voltage between the electrodes 3 and 4 provide the stress expressed

in electrical quantity, which can be used, for example, in load meters. Resistors having

different ranges of resistance and load power can be provided depending on the volume,

cross'sectional aspect ratio, hardness, and carbon powder mixing rate of the

pressure-sensitive variable resistor 1.

[0010]

Fig. 4 shows an embodiment in which the pressure-sensitive variable resistor 1 is applied

to a switch 5. Here, the pressure*sensitive variable resistor 1 is used as the movable

contact point of a rubber key top 6. An electro-conductive layer 7 is provided between the

pressure-sensitive variable resistor 1 and the rubber key top 6. The electro-conductive

layer 7 is formed on one surface of the pressure-sensitive variable resistor 1 by printing or

integral molding. When the rubber key top 6 is pressed down, the pressure-sensitive

variable resistor 1 makes contact with two secure contact points 9 and 10 on a circuit

board 8 as shown in Fig.5, establishing a circuit between the two secure contact points 9

and 10 via anisotropic electro-conductive paths a and b of the pressure -sensitive variable

resistor 1 and the electro-conductive layer 7 above it. When the contact pressure is low.
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the pressure'sensitive variable resistor 1 has high resistance. The resistance is reduced

as the rubber key top 6 is further pressed down and the contact pressure is increased..

[0011]

For example, when the switch 5 is used as a component in an oscillation circuit, the

oscillation frequency can be controlled depending on the pressing force. When the switch

5 is used in the scroll keys and cursor motion keys of a computer keyboard and the

hardware and software is modified to change the scroll rate and cursor moving speed

according to the resistance, the scroll rate, cursor moving speed, and character reaction

speed in computer games can be fully controlled according the intention ofthe user.

[0012]

The present invention is not restricted to the above embodiment and various modifications

can be made without departing from the scope of the invention. Needless to say, the

present invention contains all such modifications.

[0013]

[ESicacy of the invention]

The pres8ure*sensitive variable resistor of the present invention is, as described in detail

with regard to the above embodiment, a solid resistor that has a variable resistance

according to the pressing force, which is subject to very little failures such as breaking, is

excellent in productivity, and suitable for mass-production with low cost. It is a solid-lype

without a sliding element. Therefore, the pressure'sensitive variable resistor of the

present invention can be easily applied to keyboards and controllers and contributes to

extended use of variable resistors and, subsequently, improved functions of various

electronic devices.
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[Briefexplanation of the drawings]

[Fig.l] A plane view of the pressure-sensitive variable resistor of the present invention.

[Fig.2] An illustration to explain the behavior of the pressure-sensitive variable resistor.

[Fig.3] A graphical representation showing the relationship between stress and resistance

of the pressure-sensitive variable resistor of the present invention.

lFig.4] A cross'sectional view of a switch using the pressure*sensitive variable resistor

lFig.5] An illustration showing the electric path within the switch in Fig.4 when it is on.

[Legend]

1 pressure-sensitive variable resistor

2 power source

electrode3,4

5 switch

6 rubber key top

7 electro-conductive layer

8 circuit board

9, 10 secure contact point
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